Although the most common form of the persistent left superior vena cava anomaly is usually clinically silent and often discovered incidentally, the risk of developing cyanosis, heart failure, and embolic cerebrovascular events is high among cases where the anomaly causes a right to left shunt. A rare case of persistent left superior vena cava draining into the left atrium through the superior left pulmonary vein is presented with a discussion of the embryology, morphologic forms, and clinical significance of the persistent left superior vena cava.
The presence of a persistent left superior vena cava is the most common congenital anomaly of the systemic veins of the thorax with an estimated prevalence ranging from 0.3% to 2% in the general population [1, 2] and a higher prevalence of 4.4% among those with congenital heart disease [3] . When the persistent left superior vena cava drains into the coronary sinus and right atrium, which is manifested in 80 to 90% of cases [4] , patients are typically asymptomatic, and the anomaly is incidentally encountered on cross sectional imaging for another indication or during intravenous catheterization or placement of pacemaker or defibrillator leads
Introduction Case Report
A 71-year-old man developed acute renal failure following repair of a 9.5 cm thoracoabdominal aortic aneurysm complicated by left renal artery occlusion. A left internal jugular hemodialysis catheter was placed with subsequent chest radiograph demonstrating an unusual course of the catheter (Fig. 1) . Interventional radiology was consulted to investigate the location and patency of the left internal jugular catheter. Digital subtraction angiography was performed which demonstrated the tip of the left venous catheter to be in the left superior pulmonary vein. Contrast injected into the left internal jugular [4, 5] . This form of the anomaly is not associated with increased risks inherent with a right to left shunt such as embolic cerebrovascular events. Rarely, the persistent left superior vena cava will drain into the left atrium through an unroofed coronary sinus, a direct connection to the left atrium, or through the left superior pulmonary vein. In contradistinction to the most common form of the anomaly, these anomalies are associated with an increased risk of cyanosis [6], heart failure [7] , intracerebral abscess [8] [9] , and embolic cerebrovascular stroke [10] . venous catheter demonstrated opacification of the left superior pulmonary vein, left atrium, left ventricle, and
The case presented here is a very rare form of persistent left superior vena cava with only five cases reported in the literature to our knowledge. In 1915, Johnston provided the first description of a persistent left superior vena cava communicating with the left superior pulmonary vein from the autopsy of a 56-year-old man [11] . The entity has been described in conjunction with congenital heart anomalies including coarctiation of the aorta [12] and an atrial septal defect [13] . The first report of this variation as an isolated entity without additional congenital cardiac malformations was in 2002 by Metzler where he described a patient with hypoxemia and erythrocytosis [6] . The treatment of this entity in a patient who had two episodes of transient ischemic attack following air embolism from the infusion of aorta (Fig. 2) . The patient's previous radiographic images were reviewed, and a contrast-enhance computed tomography scan performed prior to this hospitalization demonstrated a persistent left superior vena cava draining into the left superior pulmonary vein. The left brachiocephalic vein bridged the persistent left superior vena cava with the normal right superior vena cava. The coronary sinus was normal (Fig. 3) .
Discussion
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Left Atrial Drainage of a Persistent Left Superior Vena Cava intravenous fluid through a peripheral left arm vein has been reported using an Amplatzer vascular plug to successfully occlude a persistent left superior vena cava communicating with the left superior pulmonary vein [10] .
While the case presented here is very rare, 50 to 70% of patients with a persistent left superior vena cava are at risk of paradoxical embolism due to the presence of a right to left shunt [14] . This most frequently occurs through an atrial septal defect in patients with normal drainage of the persistent left superior vena cava into the right atrium through the coronary sinus. In eight to ten percent of patients, the right to left shunt occurs when the persistent left superior vena cava drains into the left atrium through an unroofed coronary sinus [5] . Though very rare, the persistent left superior vena cava has also been shown to drain directly into the left atrium in the presence of a normal coronary sinus [15, 16] . Complications of the right to left shunt have included cerebrovascular embolism [8] [9] [10] , cyanosis [6] , and heart failure [7] .
Occurring in 80 to 90% of cases, the most common manifestation of the persistent left superior vena cava demonstrates drainage into the right atrium through the coronary sinus. The anomaly develops in the eighth week of gestation as the main venous drainage system of the embryo's body develops. A normal right superior vena cava is present in 90% of cases where a persistent left superior vena cava is present. A bridging innominate vein connecting the vena cavae is present in 30% of these cases [17] .
Although the common form of persistent left superior vena cava is not associated with the risks inherent with a right to left shunt, there are other important clinical implications to consider in patients with a persistent left superior vena cava. Catheterization of the coronary sinus through a persistent left superior vena cava is 4.8 times more likely to cause supraventricular tachycardia than catheterization through a right superior vena cava [18] . Atrial fibrillation and sudden death can occur in patients with persistent left superior vena cava owing to repetitive rapid discharges and shorter activation cycle length from the multiple anatomical and electrical communications with the atria [4] . In patients with coronary sinus ostial atresia, severe myocardial ischemia can occur if there is interruption of the persistent left superior vena cava during cardiac surgery [19] . Also, technical difficulties in the placement of pacemaker or defibrillator leads in patients with persistent left superior vena cava have been well described [4] .
